Gram-negative bacilli (GNB) are common agents of nosocomial infections. They cause infections of the respiratory (RTI), and urinary (UTI) tracts, as well as of surgical sites (SSI) and the blood stream (BSI), mainly in patients admitted to intensive care units (ICU), according to data collected by the National Nosocomial Infections Surveillance System (NNISS), in the United States [1, 2] . The prevalence of such pathogens in nosocomial infections has varied over time; some of the changes in this pattern are attributable to health care changes, the use of antimicrobial agents, new practices of infection control, and the onset of antimicrobial resistance [3] .
There is a similar pattern of isolation of such agents worldwide. This suggests that the reservoir for most of them are patients; they probably share the same risk factors for the acquisition of bacterial infections [4] . Gram-negative bacilli are the most frequent agent causing nosocomial pneumonia and urinary tract infections.
Resistance to antibiotics is a frequent finding among patients presenting with nosocomial infections. Betalactamases are enzymes often produced by GNB to evade antibiotic activity. The first enzyme within this group was identified in 1940, in an E. coli strain [5] . To date, over 130 beta-lactamases TEM (from the name of the patient who provided the first strain detected as producing BL) type and over 50 SHV ("sulfhydryl variable") types were identified in the Enterobacteriaceae family, most of them being K. pneumoniae, E. coli, and Proteus mirabilis. In addition, other GNB are able to produce such enzymes (Acinetobacter spp., for instance). Extended spectrum beta-lactamases are enzymes capable of inactivation of most beta-lactam drugs, and they usually respond only to carbapenem drugs. Usually, the Enterobacteriaceae produce chromosomically-mediated betalactamases [6] . Cephalosporins maintained their activity in the presence of such enzymes; but, in 1985, a new member this class, initially named "SHV-2", was discovered to be capable of inactivating all beta-lactamic antibiotics; it received the name ESBL We have no information on ESBL prevalence and risk factors in our region. Consequently, we have examined the risk factors associated with infection by ESBL strains of K. pneumoniae, in a tertiary hospital, in Salvador, Northeast Brazil.
Material and Methods
We reviewed all positive cultures for K. pneumoniae, isolated from blood or the urinary tract, from 2000 and 2004, from patients admitted to Hospital Espanhol, a 350 bed, private tertiary hospital, in Salvador, Brazil. The Infection Control Committee records all charts originated from patients diagnosed as having nosocomial infections. We selected all nosocomial infections with a positive culture for Klebsiella pneumoniae. The diagnosis of nosocomial infection was performed according to NNISS criteria. The detection of ESBL was initially made by automated equipment (AutoScan 4 -Deide-Boehringer), and confirmed by a double disc synergy test.
For analysis, we defined cases as those strains classified as ESBL producers, and controls as isolates negative for ESBL production. The EPI-Info databank was exported to the statistical package SAS version 6.11 for Windows. Cases and controls were paired by date of bacterial isolate (plus/minus one month). Descriptive tables and distribution of variables were analyzed by the Chi-square test and/or the Fisher exact test. Logistical regression was performed by using the stepby-step PROC LOGISTIC procedure. The variables that were statistically significant, by Wald's Chi-square test, were used for multivariate analysis. We defined a significance level of 5%. We examined the length of stay in the hospital, use of corticosteroids, diagnosis of diabetes mellitus, malignancies and neutropenia, previous use of antibiotics, and renal chronic failure, as potential risk factors for ESBL. In addition, the frequency of use of invasive devices and procedures was also compared between groups.
Results
One hundred and seven patients (56 cases) were included in the study, with a predominance of males (54.2%). Mean age was 63.5 ± 19.7 years. Cases (65.8 years) and controls (61.5 years) had similar mean ages. Table 1 shows the frequency of the main invasive procedures in the patients included in the study. Of note, two thirds (65.4%) of the patients had a central venous catheter (CVC), and 59.8% used a urinary catheter. Only 15% of patients diagnosed as infected by K. pneumoniae had a history of previous use of antibiotics, but 22.4% presented with a diagnosis of malignancy, 15.9% with diabetes mellitus (DM) and 15.9% with chronic renal failure (CRF). 
Discussion
Based on our results, the main risks for infection by ESBLKp in a tertiary hospital in Salvador are previous use of antibiotics, presence of a malignant underlying disease, and DM. Other identified risks (urinary catheter, CVC, and other invasive devices, anemia, older age) were not associated with such infections [7, 8] . However, we identified a common risk factor for these infections (previous use of antibiotics), already described by other authors [7, 8] . On the other hand, in a large group of patients infected with ESBL-Kp, the only independent risk factor identified was the infecting organism (K. pneumoniae), indicating that the epidemiology of K. pneumoniae may be unique, and that horizontal spread is important in the emergence of ESBL-Klebsiella strains [9] .
Klebsiella pneumoniae in a Tertiary Hospital in Salvador, Brazil 
Risk factor
www.bjid.com.br
Additional findings from the SENTRY project reinforced this perception: DiPersio found similarities between genotypic and phenotypic characteristics of isolates in two New York hospitals, which strongly suggests that they probably evolved into different, but genetically related clones that have the ability to cause sustained epidemic outbreaks in US medical centers [10] . In Saudi Arabia, Panhotra et al. concluded that the main risks for ESBL producing KP were advanced age, invasive devices, and previous use of third generation cephalosporins [8] . Mendelson, in Israel, found the same pattern of risk in their cohort of residents of a long-term care facility [9] , and Kang, in South Korea confirmed these findings, in a large tertiary hospital in Seoul [11] . He also suggested the use of carbapenems for treatment of bacteremia by ESBL-Kp, as an approach to reduce mortality [12] .
Indiscriminate use of antibiotics has been considered one of the main risks for the selection of multidrug-resistant bacteria. Third-generation cephalosporins are one of the main groups of drugs associated with increased selective pressure to generate resistant bacteria species [11] [12] [13] . Several reports confirm this conception. Lee et al. demonstrated that reduction in the use of third generation cephalosporins decreased the acquisition of ESBL-producing KP [14, 15] . We did not evaluate the duration of use and the type of antibiotic used by patients; but the pharmacy files confirmed that the most widely-used antimicrobial drugs in the hospital were third-generation cephalosporins.
The increasing prevalence of ESBL-Kp is a common problem, worldwide [16] . In Brazil, there is a similar epidemiological picture, and the infections caused by such strains are becoming more frequent over time. We found that infections caused by ESBL-Kp are even more prevalent than those caused by non-ESBL producing K. pneumoniae in Salvador, Brazil. Although the retrospective design did not allow us to properly collect detailed information on the potential risk factors associated with ESBL-Kp, the coincidences between our findings and those described by other authors suggest that the epidemiology of such infections in Bahia is similar to that described elsewhere. The higher risk for patients presenting with DM or malignant diseases may reflect the severity of underlying illness, which could lead those individuals to greater use of antibiotics, or more frequent contact with health services, increasing their chance of acquiring infection by an ESBL-Kp.
In conclusion, our findings reinforce the importance of previous exposure to antibiotics as a risk factor for acquisition of a nosocomial infection caused by resistant bacteria. Programs and policies for rational antibiotic use are urgently needed, in order to minimize this important health problem. ESBL-producing Klebsiella pneumoniae infections have a significant impact on several important clinical outcomes; efforts to control outbreaks of infection with ESBL-producing K. pneumoniae should emphasize judicious use of antibiotics as well as barrier precautions to reduce spread.
